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In CMIPG6, spread in ECS still largely driven

by varying cloud responses
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Tropical CRE variability can largely explain global CRE variability

Extra- .
- Global . Tropical
2 | | | 5
r (R2) ECS " CRE étroplcal " CRE

...........................................................................................................................................................................................

0.77 0.43  0.78
60%) (19%) ' (64%)

...........................................................................................................................................................................................

Global | 055 | 0.87
CRE (31%) | (76%)

...........................................................................................................................................................................................

Extra- | i
tropical T
CRE | | |

...........................................................................................................................................................................................

Tropical
NASA MODIS image of cloud cover CRE

3/12



Tropical SW and LW CRE strongly anticorrelated

Tropical contribution to global cloud feedback
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Which dynamical regimes are contributing to the spread in CRE?

ascending descending
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Stratify cloud feedbacks by low and high sensitivity models
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Y10 - piControl
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Thermodynamic contribution P_AC _ to later cloud feedback
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Subsidence regimes’ thermodynamic feedback

most correlated with tropical cloud feedback

SC  — Z C AP+ ZPG)ACQ) + 2 AP AC
),

D, Bony et al (2004)

Thermodynamic feedback per circulation regime:
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r (R?) Strong ascent Weak ascent

.......................................................................................................................................................................................................................................................................................................................................................................................................................

Tropical

obic8 -040(16%)  0.67(45%) = 088(77%)  0.95(91%) 0.92 (85%)

9/12



High sensitivity models associated with stronger weakening of the

tropical overturning circulation

P

)

0.0100

N

- Low ECS <4 K
--{ll-- High ECS >4 K

0.0075

0.0050

0.0025

0.0000

- el o
ez 4 i = -
- - -
B8 ‘_: Nt -
A - B gt 24 e i e -
il p - e = == S
- - - - == == -
= == = - - - - - /
EEl HE HE B e E i B R - - ‘
== as == A - ’
— - - - R ’
7
’
-
-

probability mass
Aprobability mass/AT

i Rt
./.f l! —0.0025/
e
2 = £ 2 &
| i <0 G e e _
_ I ":/:f:-' —0.0050

| | | | | —0.0075] | | | |
-100 —80 —60 —40 —20 0 20 40 60 —~100 —80 —60 —40 —20

Circulation regime (w5 hPa/day) Circulation regime (wsg, hPa/day)

=" —o®
I: tropical circulation intensity (Bony et al, 2013) ECS and dI/dT: r = -0.56 (R2 = 32%) 10/12



Towards tropical cloud ‘storylines’ to

discriminate between low and high sensitivity models

Initial cloud response In
subsidence regimes

Low ECS < 4K High ECS > 4K
-/0 +

Thermodynamic cloud
feedback in subsidence regions

Weakening of the tropical
circulation intensity

SST pattern effect and EIS?
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Evaluating CMIP6 low cloud responses

with EUREC-4A field campaign data

e EUREC*A multi-platform field
campaign: Jan. 20 - Feb. 20, 2020 In
Barbados
e | everage EURECAA data to evaluate
low cloud responses in CMIP6
models

e Simple mixed-layer model to
understand what controls the
cloudiness In the trades,
constrained with EUREC4A
observations
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Supplementary
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time (month)

Heterogeneities in ASST by circulation regime?
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Decompose tropical cloud feedbacks

into discrete tropical circulation regimes (defined by ws,, hPa/day)

Tropical atmosphere
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P _: discrete distribution of tropical circulation (pre-industrial)
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Tropical circulation changes 0P : abrupt4xCO: - piControl
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What could explain this compensatory behavior between SW and

LW CRE in the tropics?

e Result of tuning?

e Two examples of possible physical mechanisms
e [TCZ narrowing
e | ower tropospheric mixing
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ITCZ narrowing to interpret

SW and LW CRE anticorrelation?
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Correlation dynamic change C_oP_ and 4. in primary circulation regimes
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Thermodynamic, dynamic and

covariance contributions to each model’s net tropical cloud feedback

Y P,AC, ), CAP, Y APAC,

Model éThermodynamicé Dynamic Covariance =c|2|j; :‘;oe%ig:::k

GISS-G -0.17 -0.05 -0.004 i 0.22
"""""""" oNRMCMS | 019 008 0002 013
 oNRMESM | o8 007 o002 TR
""""""""""""""""" w | o1 o006 00 o1
"""""""""""""""" pSL | o003 o024 0012 026
"""""""""""""" scc | oo o004 0028 o007
""""""""""""" sfDL | 005 009  -0006 o014
© mmoc | 00t 004 0007 - 003




Conceptual model of trade wind boundary layer

1D framework: temperature
9 1
g[:L = QL+ E(weAG—i-Fg) (1)
with A@ = 6y+Th— 6 (2)
Fg = C4V (655 — OBL) (3)
humidity
9 1
2L = (weAg+F,) (4)
with  Ag = grr — gBL (5)
Fq — CdV(CIsfc - qBL) (6)

Boundary layer height

dh F

8_12 WFT+We+Wm:QTFr+AAgV+Wm (7)

with A6, = (9() + FII)(I + Eq]:'r) — 6, BL (8)
FB:F9+EGBLF(1 9)

/

—h-LCL if LCL < h

T

W = < (10)
0 if LCL>h




Rapid adjustments (abrupt4xCO2 yr.20 - pre-industrial mean) filtered by

high and low sensitivity models and weighted by P

Rapid adjustments
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Using years 0-150 of abrupt4xC0O2 experiment

for consistency across models
Ex. Role of time period in calculating ECS in IPSL-CM6A-LR

3

ECS (150yrs)=4.5(4.0,5.1) K
7 ECS (300 yrs) =4.8(4.3,5.2)K
6. ECS (900 years) = 5.0(4.8, 5.3) K

e ECS (last 600 years) = 5.1 (4.2, 6.3) K

W m -2




